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SUMMARY

A spin investigation has been conducted in the Iangley 20-foot free-
splnning tunnel of a model of a twin=tail low+ring ~rsonal~ r4yp9 air-
plane with linked and unlinked rudder and aileron controls. The model was
tested for two wing loadings and three mass distributions.

The results obtained when the..rudders and ai~ercms were Mnked for Imr-
control op%ration indicated that the model generally would not spin. The
spins that were obtained were steep= and the test results indicated that
full reversal of the contrbls from any spinning condition would result in
satisfactory recovery.

A study of the individual effects of rudders and ailerons at the various
loadings showed that when a spin was oltained the inboard aileron (right
aileron in a right spin) when deflected up was largely ies~nsible for
maintaining the spin. The results indicated that a reverse differential
aileron system having the up aileron movemmt 13mited to a very small
deflection would be effective in preventing the spin. The outboard rudder
(left rudder in a right spin) was tk more effective rudder in terminating
or maintaining the spin, and differential rudder deflections which maintained
the outboard rudder at or near neutral were particularly effective in
preventing the attainmnt of spinning equilibrium.

INTRODUCTION

The Langley kboratory of the NACA is conducting an investigation to
provide data that will be helpful in proportioning the mass and dinwnsional
characteristics of light airplanes to eliminate the spin or to provide good
spin+ecovery characteristics. An approximate criterion for designing the
tail of a light airplane for good spin recovery from fully develo~d spins
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has been presented In reference 1. This criterion was based on available
test results from the Langley 2&foot free+pinning tunnel of models of
approdmately 60 military designs considered to have proportions of mass
and Mmensional characteridics slmilex to those of light+irplane designs.
This work is now leing extended to cover spinproofing as well as spin
recovery for a mnge of model configurations and loadings typical of
p3rsonal-typ3 atrcraft. The results presented herein are for a prticular
model hav~ interconnected aileron and rudder controls and Mndted elevator
deflection.

h addition to determining the effect of simulated two+ontrol o~ration
with the rudders end ailerons Mnked, the individual effects of the rudders,
ailerons, and elevatois in praiucing a spin for the model were also dete~
mined in the present investigation. The model was tested for two different
wtng loadings and for three differed mass distributions. In the present
study, requirements for spinproofing this particular model were detemined
and an esthate of the probable recovery characteristics was made from a
study of the spin behavior for different control deflections.

.
The model used was of such size as to be considered a +-scale model of

s
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x/F

an airplme of the personsl—owner t~.

in terms of a full-sceileairplane on the

SYMBOIS

wing area, square feet

wing spa, feet

2/5

Ix, Iy, IZ

mass of airplane, slugs

LL

The results are given, therefore,

basis of a *-scale model.

mean aerodynamic chord, feet

ratio of the distance of center of gmvity rearward of leading
edge of mean aerodynamic chord to the man aerodynamic chord

ratio of the pm~ndiculsr distance between center of gravity
and fuselage reference line to the mean aerodynamic chord
(positive *n center of gravity is below fuselage reference
line)

moments of inertia about X, Y, and Z body axes, respectively,
sl~feet2
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Iy - IZ

*2

Iz – Ix

*2

P

P

a

f-l

URvc

TDR

TDPF

For this
the vertical,

Sideslip

inertia

inertia

inertia

yating+noment parameter

rolling+mment p.ramtier

@tc~nt ~ter

air density, slugs pr cubic foot

airplane rela.tive density
()s

angle between ftielage refbrence line ad vertical (approxi–
mately equal to absolute value of e@Le of attack at plane
of synm&ry), degrees

angle between SH axis sad horizontal, degrees

full-scale

f@l-scale
second

unshielded

true rate of descent, feet Wr second

XV velocity about spin axis, revolutions

rudder volume coefficient (see reference 1)

tail damping ratio (see reference 1)

tail-damping power factor (see reference 1)

model, the helix angle, the angle between the flight @h and
was a~ro~tely T.

at the center of ~avity of the model In the spin is considered
inward when the inner wtng is down by an amount greater than the’helix angle.
(Angle of sideslip equals the angle between s- axis and horizontal minus
the‘helix angle.)

Jm?ARAm AND

Model

METHOIX3

The ~-scale model used for the tests corresponded to an airplane of
IL

the dimensional characteristics presented in table 1. A three-view drawing
of the model is given in figure 1 and a photograph of the model is presented
in figure 2. The model was tested without a pro@_ler.
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For the tests, the model
an airplane at an altitude of

was bellasted
5000 feet (p
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with lead weights to represent
= 0.002049 slug/cu ft). The

normal weight, moments of inertia, and center of gravity of the airplane
.

were selected-on the basis of dimensions of”an airplene typical of this
ty&e.

Wind Tunnel and Testing Technique

The tests were perfomed in the Le@Ley 20-foot free+ pinning tunnel,
the o~ration of which is generally similar to that for the lkngley l>foot
free-spindng tunnel described in reference 2 except that the model launching
technique has been changed. With the controls set in the desired position,
the model is now launched %y hand with rotation into the vertic~y rising
air stresm. After the model ass-s a fairly constant spin attitude, the
spin ~ters a, S2, ~, and V are measured and recorded. The model
values are converted to fall-scale values by methods described in reference 2.
For “tti spins which have a rate of descent in excess of that which can
readily be oltained in the tunnelj either “therate of descent is recorded
as greater than the velocity at the time the model hits the safety net or
the spin is referred to in_a footnote on the chart as merely a “steep spin.”
When the model after being launched tith forced rotation into a spin
atopped rotating withoti movement of the controls, the result is recorded
as a “no spin” condition. A photograph of the model during a spin in the
tunnel is shown in figure 3. .

Recoveries from steady spins were not attempted for this model lecause
it appmred that recovery characteristics could be estimted with sufficient
accuracy. The turns required for recovery are normlly considered from the

.

tfme the controls are moved until the time the spin rotation ceases.

The term “linked controls” used throughout this ~~r indicates that the
rudders and ailerons were set in such a wnner as to simulate an inte~
connection between them for two+ontrol operation of the airplane. Thus, when
rudders were set with the spin (right wheel in a right spin),the ailerons were
also with the spin (right aileron up and left aileron down in a right spin).
The term “wheel setting” refera to the control wheel of the airplane ad
indicates the deflection of the ailerons and rudders; “wheel with the spin”
indicates that for a right spin the right aileron is up, the left aileron is
down, and both rudders are deflected to the right.

PRECISION
.

,

The moiLeItest
by the model within

results presented are believed to be the true values given
the fOllo$dng UIllits:

——_ . ..—._ —= ___— ._ ————
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a, degree . .
~, degree . .
V, Wrcent .
fl,~rcent .

The preceding
to control in
nature of the
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limits may have been exceeded for the spins which
the tunnel lecause of the high rate of descent or
spin.

.0. il.

. . . L5

. . . e

were difficult
oscillatory

Comparison between model and airplane spin results (references 2 and 3)
indicates that tunnel sph results sre not alw&ys in complete agreement with
full-scale spin results. In general, the model spins at a somewhat smaller
angle of attack, at a somewhat l@@er rate of descent,‘andwtth 5° to 10°

more outward sideslip than would “acorresxng airplane. As regards
recovery characteristics, reference 3 shows that 80 pa?cent of the mcdel
recoveries satisfactorily predicted the corresponding full+ cal-irplane
recoveries and that 10 prcent overestimated and 10 pmcent underestimated
the full-scale+irplsme recoveries.

Because of the limits of accuracy within which the model could be
baliasted and because of inadvertent dmmge to the model during the tests,
the measured weight and mass distribution of the model varied from the
selected values by the following amounts:

Weight, ~rcent . . . . . . . . . . . . . . . . . . . . . 210wto2 high
CenteMf~avity location, ~rcent F . 3 forward to 3 rearward of normal
Ixj Wrcent . . . . . . . . . . . . . . . . . . . . ...5 lowto5 high

Iy, wrcent . . . . . . . . . . . . ... . . . . . . . . .~lowto5 hi@

Iz, percent hi....... . . . . . . . . . . . ...4 lowtoh high

The accuracy of masuring the weight and mass distribution is believed
to be within the following limits:

Weight, percent .’.... . . . . . . . . . . . . . . . . . ... . ..*1
Center4f+ravity position, Wrcent F . . . . . . . . . . . . . . . . *1
Moments ofinertia, Rrcent . . . . . . . . . . . . . . . . . . . ..*5

The controls were set yithin sm accuracy of Q“.

Test Conditions

Spin tests were performed for the model conditions listed in table III.
“ ‘I@ mass characteristics for the model at the various loadings tested are

indicated in table II and have been converted to corresponding full+cale
values. For ths normal loading condition (loading 1), the distribution of

“ weight was such that the moment of inertia about the X-axis Ix was approxi–

L _.. —._ — . . .—-- —--- ——— -- .—— .— —---— -— —- —---. ——. -.– —
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mately equal to the moment of inertia about the Y-s Iy and the value

Ix – Iy
of the inertia yawing—mment ~ter — was thus a~oximately

mb2

zero. For loading 2, the mass distribution along the fuselage was increased

until the inertia yawing -4+noment ~a&ter equaled -49 x 10 ; and for
loading 3, the mass distribution along tti’wings was increased until the

-4
value of the inertia yaw5ng+uoment parameter was 165 x 10 . For loading 4,
the relative density of the model was approximately doubled by increasing
the weight and mommts of inertia, keeping the radii of gyration about the
center of gravity appro~tely the same as for loading 1. The mass-
distribution parameters for the four loading conditions given in table II
are plotted in figure 4. Because of an inadvertent error in modf31
ballasting calculations, loading 2, although a possible light+irplane
loading, is not the limit of the full range ~ssible for airplanes that
ha.? the weight distributed primsrily along the fuselage, whereas loading 3
probably exceeds the rsnge of loadings that n@ht he expcted for single-
engine light airplanes having the greater part of the weight distributed
along the wings.

All tests were conducted with the canopy closed and with a fixed
landing gear installed on the model.

~ order to simulate two-control operation now found on some light
airplanes, tlm rudder and aileron controls were considered linked for some

.

of the tests. ‘I’hecontrol deflections are given in terms of a control wheel
and are as follows:

Wheel position

Full.right wheel

One+balf right wheel

One+hird right wheel

One-fourbh right wheel

.

Rudder deflection, deg

Left

+ right

.

.,

Right

27~ ri@t

~ right

kLlerondeflection, deg

Left I Right

5 down 51$ up

$ ‘-
21* up

T down
I

8 Up

Plots of the control deflections for any wheel ~sition are shown in
figure 5.

Normal elevator deflections~for the linked+ ontrol tests were chosen
as 13° Up and 12° down. The value of 13° up was chosen as the probable
minimum vslue that would Wrmit the correspxkiing airplane to be landed

.—— — ,-- .- . . ..— —,:-
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satisfactorily. Elevator
however, to determine the
addition, tests were made

deflections of 20° =d
effect of increased up

7

30° up were also tested,
elevator deflection=. In

with the controls unlinked to detemine the
indepnd&t effects of the rudders and ailerons.

RESULTS AND MSCUSSIOIV

The results of the spin tests of the model with linked+ontrol
settings are presented in charts 1 to 4 and with unlinked-control settings
in ChaXtS ~ to 8. The norm.l+pinni~ontrol configuration for a two-
control airplane having linked rudders and ailerons is different from that
for an airplane utilizing a three-control system: For the two-control
airplane, ailerons and rudders sre both moved with the spin for normal
entry into a spiq; whereas, for the conventio~ a@l~j the ailero~
would be placed at neutral and only the rudders would be moved with the
spin. The model data given in the charts are presented in terms of the
full-scale values for a corresponding airplane at a test altitude of
5000 feet.

Preliminary tests of the model showed that steady+pin data for left
and right spins differed very little. Results are, therefore, arbitrarily
presented in terms of equivalent right spins, that is, for the airplane
turning to the Pilotts right.

Linked Controls

Normal loadinR (loading 1) .-The test results o%tained with the model
in the normal-loading condition with linked rudders and ailerons simulated
are presented in ch&k 1. The model condition is repwsented by loading 1
in table H amd point 1 in figure 4. For the normal+ontrol configuration
for spinning (wh:el full with the sph and elevator at its normal full-up
deflection of 13 ), the model did not reach a spin equilibrium but descended
at a steep attitude in a tide radius in the tunnel and at a vertical
velocity exceeding the mexlmum tunnel velocity. The motion ap~aredto be
a steep spiral rather than a spin. ~rip photograms of the typical
model motion at this control configuration are shown in figure 6. When the
wheel was set at only one+half with the spin, however, definite spins were
obtainable atiup elevator deflections of 8° and higher. Photographs of the
model during a typical spin with the wheel set at this position and with the
elevator set at its normal full=up deflection (13°) are shown in figure 7.
No recoveries were attempted frcm these spins; bti when the model was
launched into the tunnel with the wheel set at neutral or against the spin
at thg various up elevator deflections for which spins were obtained, the
original rotation im~ed to the model on launching dammd out rapidly;
recoveries from any syins were thus indicated to ‘besatisfactory when
the wheel was moved to neutral or against the spin.

.
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I’?eutraland down deflections of the elevator were favorable in
preventing the spin; whereas up elevator deflections were conducive to the
attainment of spinning equilibrium. ltromthe foregoing results it ap~ars
that the fastest recoveries from any spin obtainable would have been effected
by reversal of the wheel follwed by a downward movement of the elevator.

Mass changeB (lo*s2~a3 ).–Test results obtained with the mass
distribution increased along the fuselage are shown in chart 2, and results
obtaind with the mass distribution increased elong the wings are ehown in
chart 3. These model conditions are represented, respective~y, by loadings 2
and 3 in table II and points 2 and 3 in figure 4. More spins were obtained
for loading 2, in which the elevator was set ~etween neutral and full up for
wheel settings with the spin, than were obtained for the normal-loading
condition. Loading 3 gave results very similar to those for the normal
loading.

Increased relative density (loadinR k~ Chart 4 s~ows the results
obtained tith the weight of the model appro=tely doubled and with the
radii of ggration about the center of gravity (and the mass+ilstribution
parameters) kept ap~oximately the same as for the normal loading (loading 4
in table H and point 4 in fig. 4). The test results obtained at this
loading differed from results obtained at the normal loading in that
definite spins were nw obtained when the wheel was full,with the spin and
the elevator deflected up normally (130). Test results obtained at other
control configurations were generally the sam as those obtained at the
normal loading elthough, when the wheel was full with the spin and the
elevator was either neutral or down, a spiral motion was obtained whgre
defintte “no spin” conditions had previously been obtained. At this loading,
it was gwsible to obtain a spin with wheel+utral control settings by
deflecting the elevator to 30° up.

.

.

In
rudders
rudders
neutral.

Unlidsed Controls

order to establish the individual effects of the ailerons and.the
in the spin, tests were made with the ailerons deflected when the
were neutral and with the rudders deflected when the ailerons were
The results of these tests are presented in charts 5 to 7.

j$ffectof ailerons.– With the rudders maintained at neutral, the aileron
deflections were varied from full against to full with the Spin for loadings 1
slld2. The elevator was kept at normal full up (13°) for these tests, and
the results are presented in chart 5. Analysis of the results presented
indicates that the greatest tendency to spin would occu?rfor the model when
the ailerons were placed at one+mlf or near one+half with the spin.

.

Chart 6 shows the results obtained at loadings 1 to 4 when the right and
left ailerons were deflected individually snd the rudders were kept at neutral. - .

—.. — — -- — —— -—- ——.——— —
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The results indicated that: When the inboerd aileron was maintained at
neutral, no spin was obtained regardless of the outboard aileron deflection;
whereaa, when the idmard aileron was deflected from approximately three-
tenths to ah-tenths of its max5mum full=up deflection, a spin was obtained
regsrdless of the Kosition of the outboard aileron.

It thus apwars from the.results that in order to spinproof an airplane
proportioned similarly to the model tested, limiting the up aileron to
about 5° would be desirable. The normal differential.aileron movements
employed for the linked+ ontrol tests appear ineffective in “preventingthe
spin.

Effect of rudders.– With the ailerons maintained at neutral, the rudder
deflections for loadings 2, 3, end h were varied from neutral to as much
as 20° with the spin for the outboard rudder and to as much as 45° with the
spin for the inboard rudder. The elevator was kept at its no- full-up
deflection (13°) for these tests, and the results are presented in chart 7.
The results show that if the outboard rudder was at or near neutral, no
spin could be obtained regardless of the psition of the inboard rudder. If
the outboard rudder was set with the spin, however, the results indicate that
spinE could be obtained even if the inboard rudder was at neutral. The amount
the outboard rudder had to be set with the spin in order to obtain a spinning
condition varied somwhat with loading. The results show that the outboard .
rudder was the more effective rudder during the spti and that differential
rudder deflection in which the outboard rudder is maintained at or near
neutral is effective in preventing the attainment of spinning equilibrium
when the ailerons are neutral.

Tests in which the model was launched with the rudders set against the
spin are presented in chart 8 for loadings 3 and 4. The results indicate
that for loading 4 (increased relative density) the model would not spin
when both rudders were 20° against the spin even though the aileron
deflection was such as to be very conducive in causing the model to spin.
The model ceased spinning quickly after being launched into the tunnel,
thereby indicating that recovery by movement of the rudders from with
the spin to against the spin would have been rapid. When, however, the mass
was distributed heavily along the wings (loading 3), the results indicate
that rudder reversal alone would not effect recovery. Inasmuch as refer-
ences 1 and 4 indicate that rudder effectiveness decreases and elevator
effectiveness increases as the mass distribtiion of airplanes is increased
along the wings, this result appears reasonable; thus, in order to obtain
satisfactory recovery.at loading 3, rudder reversal would have to be
followed by a downward movement of the elevator. For loading 4, on the other
hand, the results indicate that even though the relative density was
comparatively high (~ . 10 a~rox. )_ the rud@rs were effective in tem—

inating the spin for this mass distribution
(x

I – Iy

)
=-18x lc+. on

Itibp
the basis of the results obtained at loading ~ and on the basis of”refer-
ence 5, which indicates t~t decreased relative ~~ity ~ProPes recoverYj
it cam be concluded that rudder action alone would have been effective in
terminating spins obtained for loadings 1 and 2.

. ... —.-. ..— .—. —..- _ —-—. .—— — — —- —.-
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Spinproofing

The data presented in the charts indicate that at the lower of the two “
wing loadings tested (apWox. 10 lb/sq ft) limiting the up elevator
deflection to 13° (ass-d to be the minimum up elevator d.eflection
required to lsnd the airplane satisfactorily), limiting the up aileron
movement to about 5°, and Mmiting the outboard rudder (left rudder in a
right spin) so that it can not be set with the spin would prevent the
attainment of spinning equilibrium. b order to matitain satisfactory
rolling characteristics in normsl flight by utilizing obly a 5° maximum
up aileron deflection, it will.be necessary to have a reverse differential
aileron movement (that is, greater ,downaileron than up aileron defle”ction).
Computations made by the methods outlined in reference 6 show that if the
ailerons are sealed a down aileron deflection of 160 and ~ up aileron

~ (helix angle generated bydeflection of 5° will give a maximum value of
2V

the wing tip in a roll) equivalent to 0.07, the minimum ~rmissible valti
s~cified in reference 6. The adverse yati”hgmoments contributed by the
ailerons utilizing a so up and 16° down deflection were computed by methods
given in references 7 d 8. Model force–test data were available for
computing the yawing moments contributed by the rudder for small rudder
deflections. Computations made hy approximate methods to.determine the
yawing moments contributed by the rudders at large deflections (that is;
deflecting one rudder to 45° and maintaining the other rudder at neutral)
showed that the adverse yawing momnts contributed by a ful.1aileron
deflection could be overcme by the rudder. The effects of slipstream

.

rotation were neglected for these calculations. Ractical considerations
probably Wohibit the use of a rudder deflection, however, as high as 45°;
and in order to maintain satisfactory flight characteristics, it thus .

ap~ars necesssry to increase the size of the vertical tails so that a
smsJ2.errudder deflection could be used. On the basis of previous exprience
in the spin tunnel, it ap~ars that if the size of the fin and rudder -
increased in a manner to maintain the same proportions as the existing fin
and rudder the airplane would probably still be spinproof.

The test data obtained during the investigation were not extensive
enough to Wrmit determinantion of the control
proofing at the hi@er wing loading.

CONCLUSIONS

limitations necessary for spin-

The results of spin tests of a A-scale model of a twin-tail low+ing .

. ~rsonal+wne r=ty$e airplane with controls lidced ad umlinked indicated
the following spin snd recovery characteristics at a test altitude of
5000 feet:

.

—- ——
,..
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For linked rudder and aileron controls:

I-1

1. For the normal loading condition, spins were obtainable only when
the wheel was placed approximately one+alf with the spin and the elevator
was deflected upward to at leaet 8°. Setting the wheel farther with the
spin lead to a motion that appeared to be a spiral, @l setting the wheel
laterally to “neutralprevented the spin. Moving the elevator down was
favorable in preventing the spin. Recoveries obtained by fully reversing
the wheel followed by moving the elevator down would undoubtedly have
been ra~iiifrom any spin.

2. With the mass increased along the fuselage, more spins were
obtained with the elevator between neutral and full up for wheel settings
with the spin than were obtained for the normal loading condition. With
the mass increased along the wings, the results were very similar to those
obtained for the normal loading.

3. A~oxLmately doubling the airplam ts relative density led to
definite spins when the wheel
was set to its normal fuJJ..-up
uration), b@ for other wheel
noted.

For unlinked controls:

was set full with the spin and the elevator
deflection (normal spinning control config-
and elevator settings little effect was

4. For W loadings ailerons set against the spin tended to prevent
the spin; whereas ailerons set with the spin were conducive to the attainment
of spinning equilibrium. @fleet@ the inboard aileron up was “particularly
effective in maintaining the spin, espcially when it was deflected from
approximately three+ enths to six-tenths of its maximum full-up deflection.

5. The outboard rudder was effective in terminating or maintaining the
spin when the ailerons were neutral. For loadings with mass extended along
the wings, rudder reversal would have to be followed by elevator reversal ‘
in order to effect recovery from the ailero~tith spins. With the ailerons
neutral.,differential rudder deflections which maintained the outboard
rudder at or near neutral were prticulsrly effective in preventing the
attainment of sp3~n equilibrium.

.
6. When the corresponding full+cale wing loading of the model was

10 pounds ~r square foot, it was indicated that spinproofing could be
obtained by 13mlting the aileron movement to >0 up, by limiting the outboard
rudder move~nt so that it could not be deflected with the spin, and by
limiting the up elevator deflection to 13°. With the controls limited in
this manner, an,inboard rudder deflection of 45° would be required to
provide satisfactory flight characteristics. @smuch as,a rudder
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deflection of this amount is probably impractital.,it would apwar desirable
to increase uniformity the size of the vertical tails so that a smaller
rudder deflection would be required.

.
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Qve~

wing :
span,
Area,

TABLE I.– DIMKNSIONAL CHMMTERETICS OF TWUWKEL

LOW+ING I!ERSOIWXWNER+FEPE KtW3ANE

length, ft

ft . . . .
Eqft . .

.

.

.

● ✎

✎☛

✎ ✎

.

.
●

.

●

✎

.

.

.

.

.

.
Airfoil-section (root d tiP)
ilmidence (root &d tip), deg-
A6~ct ratio . . . . . . . . .
Dihedral, beg . . . . . . . .
Sweepback, deg . ..0
Mean aerodynamic ~h&~, In. .

.

●

✎

✎

✎

●

✎

✎

✎

.

●

✎

✎

✎

●

✎

✎

✎

.

.

.
●

✎

✎

✎

✎

✎

.

..
.
.
.
.
.
.
●

Leading ed& of man asrodynemic chord
leading edge of wing,

Tap3r ratio . . . .

Ailerons:
Total area, sq ft .
Chord (mean), in. .
Span, in. o....

.

.

.

.

Horizontal tail surfaces:
TotaL area, sq ft . .
Elevator area, sq ft .
As~ct ratio . . . . .
Incidence, deg . . . .

ii.
.

.
●

●

.

.

.

.

. .

. .

. .

. .

.

.
●

✎

✎

●

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

.

.
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●

✎

.

.

.

.

.

.
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●

●

.

.

.

.
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.

.

.

.

.

.

●

●
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✎
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●

●

✎

✎

●

✎

✎
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.
●

●

.

.

.

.

.

.
●

●

✎
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.

●

✎

✎

●

✎

●

✎

8

.

.

.
●

✎

✎

✎

✎

✎

●

●

✎

✎

✎

✎

✎

✎

Distance from center of gravity to elevator
hinge line, ft . ..-. ..-. . . . . .

Twin vertical tail surfaces:
Total area, sift..... . . . . . . .
Total rudder area, sq ft.. . . . . . . .
Ae~ct ratio . . . . . . . . . . . . . . .
Distance from center of gravity to rudder

hinge line, ft....... . . . . .

Tail-demping power factor, TDPl?. . . . . . .
Unshielded rudder volume coefficient, URVC .
Tail dem@g=tio, TIIR. . . . . . . . . . .

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

●

✌

✎

✎

✎

✎

●

●

✎

✎

✎

✎

✎

✎

●

●

✎

✎

✎

✎
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●

✎

●

●
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●

●

✎

✎

✎

✎

✎

✎

✎
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✎

✎

✎
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✎
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✎

✎
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✎
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✎

✎

✎

✎
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✎

✎

✎

●

●

●

●

●

●

✎

✎
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●

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

●

✎

✎

✎

✎

✎

✎

✎
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.

.

.

.

.

.

.

.

●

●

✎

✎

✎

●

✎

✎

✎

✎

●

✎

✎

✎

●

✎

✎

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

●

✎

●

✎

✎

✎

✎

●

✎

✎

✎

✎
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.

.

.
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✎

✎

✎

✎

✎

✎

●

✎

.’

.

.

.

.

.

.

●

.

.

.

.

.

.

. 20.08

. g.:

. .

.

.

.
●

✎

✎

●

✎

✎

●

●

✎

✎

✎

✎

✎

✎

●

●

.
● 6?5?
● 7.0
.
● 57.1:

● 0.87
. 1.0

. 16.80
11.38

: u3.63

.

.

.

.

.

.

.

.

.

19.60
9.40
3.39
0.5

13.25

9.30
6.00

, 2.27

13.25
.
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.

TABIXIZ. -MASSCHARACTERISITCSAIi—DINEm’IAP~ “

FoRLoADmGs msTEDoNTHEMolEc ,

—

1- 1Modelvaluesconvertedto correspmdingfull+cele values
..

Rel.ati’ve Centerof

Weight
Wing

~ contition
aensity g?%mlty

~w (1~) (::$$?t ) ~~1 ~: + Zp

1 Normal 1424 9.99 4.35 5.04 o.l& 0.088

2 Mass extendwielong
fuselage

141 10.46 4.55 5.29 .173 .o&3

Mass extendedalong
3 1499 10.51 . 4.57 5.32 .199 .101

Relativedensity
4 appro~tely doubled 2929 20.54 8.93 10.39 .187 .025

fromIlormsl1-

Momentsof =rtia Inertiapmxumtere
(slll@%2)

;Oading ~-Iy Iy-~
5 % % — —

%-IX
~2 1# ~2

-3 x 104 -160 x 104 ‘4 ‘
1 701 w 1347 163x I.O

2 m -921. 1583 + -1* 203

3 1481 790 =7 165 -319 154

4 1289 1~ 2588 –18 -140 158

.
.

.

.

—-— - . ----
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TABm III.- MODEL TIST CONID2PIONS

[@ect spiti to pilot’s righ~

Loading Controls Data presented
in chart

1 Linked 1

2 Linked 2

3 Linked 3

4 Linked 4

land2
Unlinked (effect of conibined
aileron deflections) 5

1,2,3, and4 “
Unlinked (effect of individual 6
aileron deflections)

2, 3, =a 4
Uhlinbd (effect of individual
and combined rudder deflections) 7

3~a4
Unlinked (effect of ccmibkd
rudder deflections) ~

8

I

.—. ——.-— .-———------ -— —— ——— -—---—— -.—— -.——— -——— ..— —----- —-



16 NACA TN No. 16?01

csmll.—m~ W~F03?30MUI.QADDTG(~ IKMIIEl
Mm ~ ccmms)

[
9

=-3 Xl@; w.15.04(lmd-lnsllntabl.e~tipofnt llnflg. k)Jrl@tereet*
1

Wheel setting

_ Left —* Rlgllt ~

o Full

1 a I o
g J: a I

20 — Ho spin
145

b o b
21 8U
33 llD

13 — Ho Spin — Ho sphl

167 0.63

g
28 lD

175 o.~

b

6.

1

5 No epln

o

1.2

L (

No epti No epln . No .@li

I

— No Spill Ho epln _ No aph

aSteepepln, Yertloal velooltytoo M@ to
b permitobtalnlngteat data. Model valw s
steep epllml. oonvertedto
‘Onolllatoq aptijrangeof values or oorrespbncllng
averagemlue @ven. full-male values.

U innerwing up
D innerwing down 34

a
(dog) (d~g)

(;6) (ITa)

— -—_..--r.— .,.
----.



17

CHAm 2.–SPm mmMmREmCsoFtmnmmm DEmrmurIollIFzmEMm AIOm
THEmmIAOE (LmEDmmIm AND AI133RoHcmrROLs)

— Left

.

up

●

Down

I

\

Wheel setting

20

5

0

12

I a, b b

M
30 1% ;:

-No 13pln 10D

142 0.57 l% 0.50
\

or b d
/

15 10D

NO spin
22 16D

7212 175o.6g

I
b

3 12D

179 0.71

I o

No spin No spin

7215
4 1

—

— No spin No spin No Epi?l

,

aSpln has a whlpplng notion.
bOmlllatory spin, range of values or

average value given.
‘Steep spin, veloolty too high to
~P emit obtalnlng test data.
Steep spiral.

Model values
aonverted to
correepondlng
full-scale valuea.
u lnnerwlng up
D inner wing down33(:S) (d:g)

v-

(fps) (rps)

\

— .-——+— —.—..—— . . .—
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CEAm! 3.–sPRf ~CSOFMODELWZHW DBTRIHXTON~AIOEC
TEEHIm2 (ImEm RuDDm Am XCLKROHcommOIS)

[
_rs 165x1

1
~; w = 5.32(loading3 in table II end wi.nt 3 in fig. J+);rl@t erect S*

*2

20

13

g

5

0

12

Wheel setting

● Right —

r
-@

a

21 2D ‘
30 gD

MO 0.56

1

Full

“a

‘3oM 2D
24 i3D

. No spin

12 0.66

b

No Spin

Q-No s@l --rNo Spin

1

‘1+3-E+El
=s=

aOeoillatory apl.n,range of values or
~ average value given. Model valms
Steep spin, vertloal veloolty too oonverted to

m

e
high to permit obtalnlng test data. :lqe:::~:in:lue~

‘Steep eplral.
(deg) (d~g)

U inner wing up “ v-
D Inner wing down (fps) (rps)

. .

.

.——-.
.,,.
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-k.–mcwwmummormm WTII” ~lm4mvEnEwamY

[

(IJEm mDmR AND AmmoM,m?rFloIs)
Ix – Iy

1

= -18 x ld; II.10.39 (loading k in table~ and wlnt 4 in fig. 4); right erectspine
*2

19

Wheel setting

— Left ● Right

-1F

Down

I

30

20

13

0

+$”
a .
16.3D
25 10D

,.

202 0.55

Full

m a a

22
29 l%

--E

22
30

No spin

212 0.57 .!3g

I b a ~

23 70 20
32

I/o Spin

207 0.67 215

5

r

%aalllato~ apln, range of valuea or Hodel values
average value given.

bSteap spiral. oonverted to

%nderlng spin.
oorrespondlng
full-soale values.

El

(deg) (d~g)

U inner wing up
D Inner wing down

4

~

(;s)” (rpa)

. .

. .. .. . ... ..—...___ ._ .._ _____ ———- -—.—— -——--.- —-— . ..— ..—. ... .._ . -
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7

1

0

J-,
.Jla mpln

1 51j

.

+

%Mlllmtm Opln, range

average vmlw @ran.

%twp Oplml.
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Fu@% mar SCttlng Wltb the

Spin, aegmem

I

b

1

1?

o&10 mpln

o 15
I 1

%aoao.&tw Cpm., rnngO of Vllu,, ar am;
~ oo$%%ePoeslble

Steep rpln, wrtlaal wlmit~ % M@ b pmmlt obtalnmg chta.
2: Ho Opln.

%eq splml.

%.terbg Bpin,

10 m
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E
19
q

14

a

Elo

LD

LD

I 9

4
%.illatov rph, too 41ff10uT.t to omtral In tmnal to wti

obtalnm tits.

%otllatom win. IUIW of *OS or wwwo value @inn.

20

1

10
0

..

El
222D
Y? llD o

205 0.57

Ekl---lo
no npln

I

m

v
*

Model m lues
Oonvwtd to

EH

(dog) (4!S)

Oorrupol?ilng

.rulI-soale V!lllma: v n

u inmr wiq up (fps) (IT@)
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NACA TN NO. 18011
I

.

d-s”

FE=.61m /.26& l,2tY

2.@

J
,7/8

, 8.95*

WI4.82”
A

~-z’,.++

Fuselage
reference line ~

I-.573*=-I

Figure 1.- Drawing of the +c-ale

~ersonal-owner-~e airplane as
free-spinning tumnel. Center of gravi~ indicated for normal
loading.

.

model of the twin-tiil low-wing

tested in the Iamgley 20-foot
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—

Figme 3.- Photograph of the model spinnbg in the Langley 20-foot
free-spinning tunnel.
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0 “-10’0 -200 -300) (;(74

Iy -Iz ReIdk mass disi-ri bution =S=”
x Incveased okjng f-he wIn95 *

Figure 4.- Mass parameters for loadings tested on the model.
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.

Figure 5.- Variation of rudder and aileron deflection with wheel
position for the model as tested with -ed rudder and
aileron controls.
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6
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12
—

18

24

..

30

36
—

54

60

v

Figure 6.- @icalmokion of the model with elevator deflected to 13° up
and wheel set full with the spin (loading 3). 2ictures taken at
64~es per second.
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I

66 78 102
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72

Figure 6.- Continued.
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Figure 6.- concl~ea.
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,

6

\

12

~igure7.- ~ical motion of the mcdel with elevator deflected to 13° ~
and wheel set one-half with the @n (loading 2). Pictures takeqat
64 frames per second. T
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